
In Situ, On-Demand Lubrication System 
Developed for Space Mechanisms

Drawing of the in situ, on-demand lubricator (porosity » 25 vol% of oil that can be 
stored » 94 mm3) attached to the inner ring of a full complement ball bearing. Bore 
diameter, 19.05 mm (0.75 in.); outer diameter, 29.97 mm (1.18 in.); 24 balls with 

diameters of 3.175 mm (1/8 in.).

Stabilization of the torque trace of a ball bearing (load, 89 N (20 lb); speed, 200 rpm), 
initially unlubricated, with an in situ, on-demand lubricator impregnated with a synthetic 

oil.



Decrease in the torque of a ball bearing (load, 89 N (20 lb); speed, 200 rpm), initially 
unlubricated, after reactivation of an in situ, on-demand lubricator impregnated with a 

synthetic oil.

Many moving mechanical assemblies (MMA) for space mechanisms rely on liquid 
lubricants to provide reliable, long-term performance. The proper performance of the 
MMA is critical in assuring a successful mission. Historically, mission lifetimes were short 
and MMA duty cycles were minimal. As mission lifetimes were extended, other 
components, such as batteries and computers, failed before lubricated systems. However, 
improvements in these ancillary systems over the last decade have left the tribological 
systems of the MMAs as the limiting factor in determining spacecraft reliability.

Typically, MMAs are initially lubricated with a very small charge that is supposed to last 
the entire mission lifetime, often well in excess of 5 years. In many cases, the premature 
failure of a lubricated component can result in mission failure (refs. 1 to 3).

MMAs fail tribologically when the lubricant degrades or evaporates and, therefore, loses 
its ability to lubricate rubbing surfaces-bearing balls contacting raceways for example. 
Since the MMA is still mechanically intact when the lubricant degrades, if lubricant could 
be resupplied to the contact, the life of the MMA could be extended. Lubricant reservoirs 
have been used to resupply lubricant, but they are bulky, add complexity, and cannot be 
activated when needed (ref. 4). Rather, they continuously supply lubricant to the contact, 
often leading to an excess of lubricant.

The lubricator reported here provides fresh lubricant to the ball-race contact in situ and on 
demand. The lubricant is stored in a porous cartridge attached to the inner or outer ring of 
a ball bearing. It is released by heating the cartridge to eject oil, taking advantage of the 
greater thermal expansion of the oil in comparison to the porous network. Heating can be 
activated by torque increases that signal the depletion of oil in the contact. The low 
surface tension of the oil in comparison to that of the ball bearing material is used, and the 
close proximity of the cartridge to the moving balls allows the lubricant to reach the ball-
race contacts. This oil resupply system was successfully used to avoid a mechanism failure 
and reduce the torque to an acceptable level in a ball bearing initially operating without 



lubricant. The lifetime was extended in comparison to that of a similar ball bearing 
operating in the same conditions but without the lubricator attached to it. In addition, the 
in situ, on-demand lubricator consumes less than 1 W of power. This work was done in 
cooperation with the NASA Glenn Research Center’s Tribology and Surface Sciences 
Branch.
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